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5 BACKGROUND OF THE INVENTION 



FIELD OF THE INVENTION 

The present invention relates to an image 
10 processing method and an image output system. More 
specifically, the present invention relates to an 
image processing method, an image processing apparatus, 
an image processing method for an image output system, 
and an image output system all of which accomplish 
15 high quality prints by preventing the degradation of 
the image quality on the basis of the combination of 
densities and sizes of dots used to form images. 

DESCRIPTION OF THE RELATED ART 

Many color ink jet printers as color output 
apparatuses express images using three colors 
including cyan (C), magenta (M) , and yellow (Y) or 
four colors including these three colors and black (K) . 
In recent years, in order to further improve image 
quality, large-and-small-dot ink systems and dark-and- 
light -color-dot ink systems have been proposed; the 
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large -and- small -dot ink system uses different per- 
droplet amounts for ink of the same color, and the 
dark-and-light-color-dot ink system has a plurality of 
inks of similar shades but different densities. 

Color materials such as dyes and pigments which 
are selected for the inks of saturated cyan, magenta, 
and yellow, primary colors essential to printing, are 
selected on the basis of ejection characteristics, 
safety, and the easiness with which they are 
manufactured. These inks do not always have the ideal 
hues of the saturated colors. However, it may be 
desirable that as colors reproduced on a print sheet 
be faithful to, for example, colors displayed on a 
monitor . 

Fig. 1 is a plot in which CIELab coordinate axes 
indicate data obtained by executing a colorimetric 
process on a patch printed with a C, M, and Y inks and 
values for the colors C, M, and Y on a monitor which 
values are calculated using an sRGB equation. The 
figure indicates that compared to the colors 
reproduced on the monitor, the ink reproduced colors 
shown in Fig. 1 are such that the cyan ink has a hue 
closer to magenta, the magenta ink has a hue closer to 
yellow, and the yellow ink has a hue closer to magenta. 
To faithfully reproduce the colors Y, M, and C 
displayed on the monitor, a small amount of C ink may 
be added to the Y or M ink when the latter is 



outputted. On the other hand, a small amount of Y ink 
may be added to the C ink when the latter is outputted. 
That is, color mixture may be carried out. It is thus 
easier to make colors reproduced by the printer closer 
5 to those reproduced on the monitor by using the ink 
colors C, M, and Y, which are essential to color 
printing, to carry out a color conversion such that 
printed colors in input signal which represent C, M, 
and Y respectively are closer to the colors C, M, and 
10 Y displayed on the monitor. 

The above conventional technique is suitable for 
images such as photographs which contain many 
nonuniform and complicated colors. However, in the 
case of images such as graphs which preferably contain 
15 uniform colors, in an area of the image which 

otherwise contains a single color, dots of other 
colors may appear. These dots may appear granular and 
disagreeable to users. 



SUMMARY OF THE INVENTION 

The present invention is provided in view of these 
problems. It is an object of the present invention to 
provide an image processing method and an image output 
system both providing print images that have a 
sufficient image quality to meet the purpose and that 
do not appear granular to users. 
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To achieve this object, according to the present 
invention, there is provided an image processing 
method of converting image data composed of an R, G, 
and B colors into one or more pixel data corresponding 
to color materials for a plurality of ejection units 
which eject the respective color materials and two of 
which eject color materials of the same color or 
similar shades, the method being characterized by 
comprising a mode selecting step of selecting either a 
first mode using only an ejection unit that ejects 
large amounts of a color material for color materials 
of the same color or similar shades and a second mode 
using all ejection units or not using the ejection 
unit that ejects large amounts of a color material, a 
15 first converting step of operating if the first mode 
is selected, to convert the image data in which two of 
the colors R, G, and B have their maximum values and 
which represents a primary color into the one pixel 
data corresponding to the primary color, and a second 
20 converting step of operating if the second mode is 
selected, to convert the image data which represents 
the primary color into the plurality of pixel data 
constituting hues equal to the primary color. 

Further, according to the present invention, there 
25 is provided an image processing apparatus that 

converts image data composed of an R, G, and B colors 
into one or more pixel data corresponding to color 
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materials for a plurality of ejection units which 
eject the respective color materials and two of which 
eject color materials of the same color or similar 
shades, the apparatus being characterized by 
5 comprising a mode selecting unit for selecting either 
a first mode using only an ejection unit that ejects 
large amounts of a color material for color materials 
of the same color or similar shades and a second mode 
using all ejection units or not using the ejection 

10 unit that ejects large amounts of a color material, a 
first converting unit for operating if the first mode 
is selected, to convert the image data in which two of 
the colors R, G, and B have their maximum values and 
which represents a primary color into the one pixel 

15 data corresponding to the primary color, and a second 
converting unit for operating if the second mode is 
selected, to convert the image data which represents 
the primary color into the plurality of pixel data 
constituting hues equal to the primary colors . 

20 Furthermore, according to the present invention, 

there is provided an image processing method for an 
image output system including an image output 
apparatus having a plurality of ejection units which 
eject respective color materials and two of which 

25 eject color materials of the same color or similar 
shades and an image processing apparatus which 
converts image data composed of an R, G, and B colors 
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into one or more pixel data corresponding to the color 
materials for the plurality of ejection units, the 
method being characterized by comprising a mode 
selecting step of causing the image processing 
apparatus to select either a first mode using only an 
ejection unit that ejects large amounts of a color 
material for color materials of the same color or 
similar shades and a second mode using all ejection 
units or not using the ejection unit that ejects large 
amounts of a color material, a first converting step 
of causing the image processing apparatus to operate 
if the first mode is selected, to convert the image 
data in which two of the colors R, G, and B have their 
maximum values and which represents a primary color 
into the one pixel data corresponding to the primary 
color, a second converting step of causing the image 
processing apparatus to operate if the second mode is 
selected, to convert the image data which represents 
the primary color into the plurality of pixel data 
constituting hues equal to the primary color, and a 
data generating step of causing the image processing 
apparatus to generate output data from a plurality of 
pixel data obtained in the first converting step or 
the second converting step, the output data being 
outputted by the image output apparatus. 

Moreover, according to the present invention, 
there is provided an image output system including an 



image output apparatus having a plurality of ejection 
units which eject respective color materials and two 
of which eject color materials of the same color or 
similar shades and an image processing apparatus which 
5 converts image data composed of an R ; G, and B colors 
into one or more pixel data corresponding to the color 
materials for the plurality of ejection units, the 
system being characterized in that the image 
processing apparatus comprises a mode selecting unit 

10 for selecting either a first mode using only an 

ejection unit that ejects large amounts of a color 
material for color materials of the same color or 
similar shades and a second mode using all ejection 
units or not using the ejection unit that ejects large 

15 amounts of a color material, a first converting unit 
for operating if the first mode is selected, to 
convert the image data in which two of the R, G, and B 
colors have their maximum values and which represents 
a primary colors into the one pixel data corresponding 

20 to the primary colors, a second converting unit for 
operating if the second mode is selected, to convert 
the image data which represents the primary color into 
the plurality of pixel data constituting hues equal to 
the primary colors, and a data generating unit for 

25 generating output data from a plurality of pixel data 
obtained by the first converting unit or the second 
converting unit, the output data being outputted by 
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the image output apparatus . 

Further, according to the present invention, there 
is provided a computer program product for causing a 
computer to execute an image processing method of 
5 converting image data composed of the R, G, and B 
colors into one or more pixel data corresponding to 
color materials for a plurality of ejection units 
which eject the respective color materials and two of 
which eject color materials of the same color or 

10 similar shades, the computer program product being 

characterized by comprising a first program code means 
for selecting either a first mode using only an 
ejection unit that ejects large amounts of a color 
material for color materials of the same color or 

15 similar shades and a second mode using all ejection 

units or not using the ejection unit that ejects large 
amounts of a color material, a second program code 
means for operating if the first mode is selected, to 
convert the image data in which two of the R, G, and B 

20 colors have their maximum values and which represents 
a primary color into the one pixel data corresponding 
to the primary color, and a third program code means 
for operating if the second mode is selected, to 
convert the image data which represents the primary 

25 color into the plurality of pixel data constituting 
hues equal to the primary color. 

Furthermore, according to the present invention, 
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there is provided a computer-readable recording medium 
having a program recorded on it for causing a computer 
to execute an image processing method of converting 
image data composed of an R f G, and B colors into one 
5 or more pixel data corresponding to color materials 
for a plurality of ejection units which eject the 
respective color materials and two of which eject 
color materials of the same color or similar shades, 
the recording medium being characterized in that the 

10 program comprises a first program code means for 

selecting either a first mode using only an ejection 
unit that ejects large amounts of a color material for 
color materials of the same color or similar shades 
and a second mode using all ejection units or not 

15 using the ejection unit that ejects large amounts of a 
color material , a second program code means for 
operating if the first mode is selected, to convert 
the image data in which two of the R, G, and B colors 
have their maximum values and which represents a 

20 primary color into the one pixel data corresponding to 
the primary color, and a third program code means for 
operating if the second mode is selected, to convert 
the image data which represents the primary color into 
the plurality of pixel data constituting hues equal to 

25 the primary color. 

Further, according to the present invention, 
there is provided an image processing method of 
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converting image data composed of an R, G, and B 
colors into one or more pixel data corresponding to 
color materials for a plurality of ejection units 
which eject the respective color materials and two of 
5 which eject color materials of the same color or 
similar shades , the method being characterized by 
comprising a mode selecting step of selecting either a 
first mode using only an ejection unit that has high- 
density of a color material for color materials of the 

10 same color or similar shades and a second mode using 
all ejection units, a first converting step of 
operating if the first mode is selected, to convert 
the image data in which two of the colors R, G, and B 
have their maximum values and which represents a 

15 primary color into the one pixel data corresponding to 
the primary color and a second converting step of 
operating if the second mode is selected, to convert 
the image data which represents the primary color into 
the plurality of pixel data constituting hues equal to 

20 the primary color. 

Further, according to the present invention, there 
is provided an image processing apparatus that 
converts image data composed of an R, G, and B colors 
into one or more pixel data corresponding to color 

25 materials for a plurality of ejection units which 

eject the respective color materials and two of which 
eject color materials of the same color or similar 
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shades, the apparatus being characterized by 
comprising a mode selecting unit for selecting either 
a first mode using only an ejection unit that has 
high-density of a color material for color materials 
5 of the same color or similar shades and a second mode 
using all ejection units, a first converting unit for 
operating if the first mode is selected, to convert 
the image data in which two of the colors R, G, and B 
have their maximum values and which represents a 

10 primary color into the one pixel data corresponding to 
the primary color, and a second converting unit for 
operating if the second mode is selected, to convert 
the image data which represents the primary color into 
the plurality of pixel data constituting hues equal to 

15 the primary colors. 

Furthermore, according to the present invention, 
there is provided an image processing method for an 
image output system including an image output 
apparatus having a plurality of ejection units which 

20 eject respective color materials and two of which 
eject color materials of the same color or similar 
shades and an image processing apparatus which 
converts image data composed of an R, G, and B colors 
into one or more pixel data corresponding to the color 

25 materials for the plurality of ejection units, the 
method being characterized by comprising a mode 
selecting step of causing the image processing 
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apparatus to select either a first mode using only an 
ejection unit that has high-density of a color 
material for color materials of the same color or 
similar shades and a second mode using all ejection 
5 units, a first converting step of causing the image 
processing apparatus to operate if the first mode is 
selected, to convert the image data in which two of 
the colors R, G, and B have their maximum values and 
which represents a primary color into the one pixel 

10 data corresponding to the primary color, a second 
converting step of causing the image processing 
apparatus to operate if the second mode is selected, 
to convert the image data which represents the primary 
color into the plurality of pixel data constituting 

15 hues equal to the primary color, and a data generating 
step of causing the image processing apparatus to 
generate output data from a plurality of pixel data 
obtained in the first converting step or the second 
converting step, the output data being outputted by 

20 the image output apparatus. 

Moreover, according to the present invention, 
there is provided an image output system including an 
image output apparatus having a plurality of ejection 
units which eject respective color materials and two 

25 of which eject color materials of the same color or 

similar shades and an image processing apparatus which 
converts image data composed of an R, G, and B colors 
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into one or more pixel data corresponding to the color 
materials for the plurality of ejection units , the 
system being characterized in that the image 
processing apparatus comprises a mode selecting unit 
5 for selecting either a first mode using only an 
ejection unit that has high-density of a color 
material for color materials of the same color or 
similar shades and a second mode using all ejection 
units, a first converting unit for operating if the 

10 first mode is selected, to convert the image data in 
which two of the R, G, and B colors have their maximum 
values and which represents a primary colors into the 
one pixel data corresponding to the primary colors, a 
second converting unit for operating if the second 

15 mode is selected, to convert the image data which 
represents the primary color into the plurality of 
pixel data constituting hues equal to the primary 
colors, and a data generating unit for generating 
output data from a plurality of pixel data obtained by 

20 the first converting unit or the second converting 
unit, the output data being outputted by the image 
output apparatus. 

Further, according to the present invention, there 
is provided a computer program product for causing a 

25 computer to execute an image processing method of 
converting image data composed of the R, G, and B 
colors into one or more pixel data corresponding to 
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color materials for a plurality of ejection units 
which eject the respective color materials and two of 
which eject color materials of the same color or 
similar shades, the computer program product being 
5 characterized by comprising a first program code means 
for selecting either a first mode using only an 
ejection unit that has high-density of a color 
material for color materials of the same color or 
similar shades and a second mode using all ejection 

10 units, a second program code means for operating if 
the first mode is selected, to convert the image data 
in which two of the R, G, and B colors have their 
maximum values and which represents a primary color 
into the one pixel data corresponding to the primary 

15 color, and a third program code means for operating if 
the second mode is selected, to convert the image data 
which represents the primary color into the plurality 
of pixel data constituting hues equal to the primary 
color. 

20 Furthermore, according to the present invention, 

there is provided a computer- readable recording medium 
having a program recorded on it for causing a computer 
to execute an image processing method of converting 
image data composed of an R, G, and B colors into one 

25 or more pixel data corresponding to color materials 
for a plurality of ejection units which eject the 
respective color materials and two of which eject 
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color materials of the same color or similar shades, 
the recording medium being characterized in that the 
program comprises a first program code means for 
selecting either a first mode using only an ejection 
5 unit that has high- density of a color material for 
color materials of the same color or similar shades 
and a second mode using all ejection units, a second 
program code means for operating if the first mode is 
selected, to convert the image data in which two of 

10 the R, G, and B colors have their maximum values and 
which represents a primary color into the one pixel 
data corresponding to the primary color, and a third 
program code means for operating if the second mode is 
selected, to convert the image data which represents 

15 the primary color into the plurality of pixel data 
constituting hues equal to the primary color. 

With the above configuration, color conversion 
that is free from granularity and that accurately 
expresses the hues of output colors or color 

20 conversion giving a higher priority to the absence of 
granularity than color reproduction is selected in 
accordance with the purpose of the print, the 
composition of ink used, or the configuration of a 
print head. Thus, preferable high-quality color 

25 outputs can be provided. 

As described above, according to the present 
invention, with a color output apparatus that can form 
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dots with reduced granularity such as small dots and 
light color dots, depending on whether or not a print 
node indicates printing with a large-and-small-dot ink 
system, a dark-and-li g ht-color-dot ink system , or the 
- like, it is determined whether or not. for printed 
colors in an input signal that are primary colors (c 
M- and Y) . hues are adjusted by mixing two ink colQrs 
for large and small dots or for dark and light color 
lots. i.e. whether or not data corresponding to two 
inks for large and small dots or for dark and light 
color dots is made significant. As a result, for 
-ages such as graphs which are desirably uniform 
printed images free from granularity are obtained 
promptly even if hues cannot be adjusted. Further for 
images such as photographs for which colors are 
desirably accurately reproduced, high-guality print 
results free from granularity and matching monitor 
displayed colors are obtained by selecting a mode in 
which hues are adjusted using small, light-color, and 
other dots which have reduced granularity, to adjust 
the hues of the primary colors without degrading print 
image quality. 

Thus, regardless of the print mode, favorable 
images are obtained without degrading image quality 
owing to granularity. 

The above and other objects, effects, features and 
advantages of the present invention win be come more 
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apparent from the following description of embodiments 
thereof taken in conjunction with the accompanying 
drawings . 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph illustrating conventional 
differences between colors reproduced with ink and 
colors reproduced on a monitor; 
10 Fig. 2 is a schematic view of an ink jet printing 

apparatus that is applicable to Embodiments 1 and 2 of 
the present invention; 

Fig. 3 is a view of an ink jet print head that is 
applicable to Embodiments 1 and 2 of the present 
15 invention; 

Fig. 4 is a block diagram of an image output 
system that is applicable to Embodiments 1 to 3 of the 
present invention ; 

Fig. 5 is a flow chart of an image process that is 
20 applicable to Embodiments 1 to 3 of the present 
invention; 

Fig. 6 is a view showing the concept of a three- 
dimensional LUT according to the embodiments of the 
present invention; 
25 Fig. 7 is a flow chart of print data creation that 

is applicable to Embodiments 1 and 2 of the present 
invention; 
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Fig. 8 is a graph showing a conversion from M 
input data realized by the three-dimensional LUT to 8- 
bit output data for respective colors, in a mode 1 
according to the embodiments of the present invention; 

Fig. 9 is a graph showing a conversion from M 
input data realized by the three-dimensional LUT to 8- 
bit output data for respective colors, in a mode 2 
according to the embodiments of the present invention; 

Fig. 10 is a graph showing a conversion from M 
input data realized by the three-dimensional LUT to 8- 
bit output data for respective colors, in a mode 3 
according to the embodiments of the present invention; 

Fig. 11 is a flow chart of print data creation 
that is applicable to Embodiment 3 of the present 
invention; and 

Fig. 12 is a graph showing a conversion from M 
input data realized by the three-dimensional LUT to 8- 
bit output data for respective colors, in a mode 5 
according to the embodiments of the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Embodiments of the present invention will be 
described with reference to the drawings. 

For description, inks of C, M, and Y, the 
fundamental primary colors, will be referred to as "C 
ink" or "cyan ink"; "M ink" or "magenta ink"; and "Y 



- 18 - 



ink" or "yellow ink", respectively. Further, in input 
data composed of 8 bits (256 gradations from 0 to 255) 
for each of R, G, and B, data representing the primary 
color C, in which G=B=255, is called "C input data" or 
5 "cyan input data" . Similarly, data representing the 
primary color M, in which R=B=255, is called "M input 
data" or "magenta input data". Similarly, data 
representing the primary color Y, in which R=G=255, is 
called "Y input data" or "yellow input data". 
10 (Embodiment 1) 

In Embodiment 1, description will be given of a 
system that can eject large and small ink dots of the 
same color. 

Fig. 2 shows an example of an ink jet printer to 
15 which the present invention is applicable. Reference 
numeral 1 denotes a print sheet composed of paper or a 
plastic sheet. A plurality of print sheets 1 are 
stacked in a cassette and the like, and fed one by one 
by a sheet feeding roller (not shown) . The print sheet 
20 1 is conveyed in the direction of an arrow A by a 

first conveying roller 3 and a second conveying roller 
4 arranged with a specified spacing between them and 
driven by respective stepping motors (not shown). 

Reference numeral 5 denotes an ink jet type print 
25 head used to print the print sheet 1. The print head 
is composed of ink ejecting heads and ink tanks. Inks 
from a K ink tank 5k, a C ink tank 5c, an M ink tank 
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5m , and a Y ink tank 5y are supplied to the ink 
ejecting heads (not shown) arranged opposite the paper 
The inks are then ejected from nozzles in accordance 
with image signals. The print head 5 is mounted on a 
5 carriage 6. A carriage motor 10 is connected to the 
carriage 6 via a belt 7 and pulleys 8a and 8b, 
Accordingly, the carriage 6 is driven by the carriage 
motor 10 to scan along a guide shaft 9 in a 
reciprocatory manner. 

10 With this configuration, the print head 5 prints 

an ink image by ejecting ink onto the print sheet 1 in 
response to an image signal while moving in the 
direction of an arrow B. The print head 5 returns to 
its home position as required, to recover the clogged- 

15 up nozzles using an ink recovery device 2. The 

conveying rollers 3 and 4 are driven to convey the 
print sheet 1 in the direction of the arrow A by an 
amount equal to one row. These operations are repeated 
to execute predetermined printing on the print sheet 1 

20 Fig. 3 is a schematic view of an ink jet print 

head in an ink jet printer to which the present 
invention is applicable. This figure show a surface 
located opposite the paper. The following heads are 
arranged as shown in the figure: a black (K) ink 

25 ejecting head 11K, a large drop cyan (C) ejecting head 
11C # a small drop cyan (sc) ejecting head Use, a 
large drop magenta (M) ejecting head 11M, a small drop 
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magenta (sm) ejecting head llsm, a large drop yellow 
(Y) ejecting head 11Y, small drop yellow (sy) ejecting 
head llsy. The K ejecting head UK is connected to the 
K ink tank 5k. The C ejecting heads 11C and Use are 
connected to the C ink tank 5c. The M ejecting heads 
11M and llsm are connected to the M ink tank 5m. The Y 
ejecting heads 11Y and llsy are connected to the Y ink 
tank 5y. Each ejecting head has 128 nozzles arranged 
at a pitch of 600dpi. The ejecting heads are 
separately driven in accordance with data to form 
images. The ink ejecting heads UK, lie, 11M, and 11Y 
generate large dots each having an ejection amount of 
about 15ng. The ink ejecting heads Use, llsm and llsy 
generate small dots each having an ejection amount of 
about 7 ng. 

Fig. 4 is an image processing system to which the 
present invention is applied. In Fig. 4, a host 
computer 101 comprises a CPU 102, a memory 103, an 
external storage 104, an input section 105, and an 
interface 106 to a printer. The CPU 102 executes a 
program stored in the memory 103 to implement 
procedures such as a color process and a quantization 
process, described later with reference to Fig. 4. 
This program may be stored in the external storage 104 
or may be supplied by an external device. The host 
computer 101 is connected to a color output apparatus 
107 (an ink jet printed such as the one described 
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above with reference to Figs. 2 and 3) via the 
interface. The host computer 101 transmits image data 
subjected to a color process to the color output 
apparatus 107 for printing. 
5 Fig. 5 is a flow chart illustrating an image 

process in the above described image processing system. 
This figure shows a process flow in which image data 
composed of 8 bits (256 gradations from 0 to 255) for 
each of the R, G, and B and corresponding to one pixel 

10 inputted to the host computer 101 is outputted as one- 
bit output data for each of the colors C, M, Y, K, sc, 
sm, and sy. The process procedure in Fig. 5 indicates 
the contents of a process executed by a program 
executed by the CPU 102. The CPU 102 reads this 

15 program from the memory 103 to execute it. 

First, during a color converting process (step 
201), the 8-bit data for the R, G, and B are 
associated with one another using a three-dimensional 
lookup table (LUT). The data are then converted into 

20 8-bit output data for the colors C, M, Y, K, sc, sm, 
and sy, which correspond to the output colors of the 
printer. For description, the 8 -bit output data for 
the respective colors will be referred to as "C output 
data", "M output data", "Y output data", "sc output 

25 data", "sm output data", and "sy output data". This 
process converts inputted RGB colors into outputted 
CMY colors. Input data are often composed of three 
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primary colors (RGB) for a luminous element such as a 
display which colors are based on additive mixture. 
However, the printer according to the present 
embodiment uses a C, M, and Y color materials, so that 
5 a corresponding converting process is executed. 

Fig. 6 shows the concept of the three-dimensional 
LUT according to the present embodiment. This three- 
dimensional LUT 601 is used to convert RGB input data 
corresponding to points in an arbitrary RGB 
10 coordinates into corresponding 8 -bit output data for 

the colors C, M, Y, K, sc, sm, and sy. As shown in Fig. 
6, the three-dimensional LUT 601 has vertexes Wl, 
Cmaxl, Mmaxl, and Ymaxl in an RGB three-dimensional 
space. 

15 In this case, for a point Wl with RGB coordinates 

(255, 255, 255), C, M, and Y input data corresponding 
to white are converted into the corresponding 8 -bit 
output data for the colors C, M, Y, K, sc, sm, and sy. 
Likewise, for a point Cmaxl with RGB coordinates (0, 

20 255, 255), C input data corresponding to the densest 
cyan is converted. For a point Mmaxl with RGB 
coordinates (255, 0, 255), M input data corresponding 
to the densest magenta is converted. For a point Ymaxl 
with RGB coordinates (255, 255, 0), Y input data 

25 corresponding to the densest yellow is converted. 

In Fig. 6, the more the coordinate for the R 
component decreases down to 0 from the point Wl to the 
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point Cmaxl, the more C input data corresponding to 
dense cyan is converted. The more the coordinate for 
the G component decreases down to 0 from the point Wl 
to the point Mmaxl, the more M input data 
5 corresponding to dense magenta is converted. The more 
the coordinate for the B component decreases down to 0 
from the point Wl to the point Ymaxl, the more Y input 
data corresponding to dense yellow is converted. 

In the present embodiment provides a plurality of 

10 three-dimensional LUTs for a color converting process 
(step 201) based on the three-dimensional LUT 601 
shown in Fig. 6. Thus, color conversion is carried out 
using the three-dimensional LUT in accordance with a 
print mode as described below. Each process using the 

15 three-dimensional LUT is described below in detail. 

The three-dimensional LUT used for a color process 
(conversion) discretely holds data. Accordingly, an 
interpolation process is used for the held data. 
However, this interpolation process is a well-known 

20 technique, and its detailed description is omitted. 

During an output y correcting process (step 202), 
8 -bit output data for the colors C, M, Y, K, ac, sm, 
and sy subjected to a color process are subjected to 
output y correction by a one -dimensional LUT. In most 

25 cases, the relationship between the number of print 
dots per unit area and output characteristics (the 
reflection density of an image printed on a print 
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sheet) is not linear. Accordingly, the output y 
correction is used to ensure the linear relationship 
between the input level of 8 bits for each color and 
the corresponding output characteristics, 
5 The color process operations have been described. 

Input data composed of 8 bits for each of the colors R, 
G, and B are converted into 8 -bit output data for the 
colors of the color materials C, M, Y , K, sc, sm, and 
sy possessed by the output equipment. 

10 The color output apparatus according to the 

present embodiment is a binary printing apparatus. 
Accordingly, during the subsequent quantizing process 
(step 203), data composed of 8 bits for each of the 
colors are quantized into binary data composed of 1 

15 bit for each color. A well-known error diffusion 

method or dither method is used as a quantizing method. 

Fig. 7 shows a process flow for printing according 
to the present embodiment. The process procedure in 
Fig. 7 indicates the contents of a process executed by 

20 a program executed by the CPU 102. The CPU 102 reads 
this program, stored in the memory 103, to execute it. 
First, at step 1, the CPU 102 selects a print mode in 
response to a user's instruction. The present 
embodiment uses three print modes: a mode (mode 1) 

25 that enables the fastest printing but provides a lower 
image quality, a mode (mode 3) that provides the most 
beautiful prints but operates at a lower speed, and a 
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mode (mode 2) that accomplishes an intermediate speed 
and an intermediate image quality. The user can select 
a print mode in accordance with the purpose of the 
print and the desired level of image quality. 

The mode 1 is set so that only large dots are used 
for printing in order to accomplish fast printing. The 
mode 2 is set so that a combination of large and small 
dots are used for printing in order to make the speed 
and image quality consistent with each other. 
Specifically, small dots are used for low-density 
parts, while large dots are used high-density parts, 
to accomplish efficient printing. The mode 3 is set so 
that only small dots are used for printing in order to 
provide the highest image quality. 

In the mode 1. since only large dots are used, a 
larger print pitch (for example, 600 dpi) can be set 
to increase a scanning speed. On the other hand, when 
small dots are used, a smaller print pitch (for 
example, 1,200 dpi) must be set. This prevents an 
increase in scanning speed. Further, the number of 
scans executed by the head must be increased to reduce 
the print pitch, it will be obvious to those skilled 
in the art that the printing speed can be increased in 
the mode using only large dots and can be reduced in 
the mode using small dots. 

In the print mode selected in step SI and 
determined and set in the memory 103 in steps S2, S3, 
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and S4, the process shown by the flow in Fig. 5 is 
used to carry out color processing and quantization ir 
steps 5, 6 , and 7 of a color process . 

First, the mode 1 will be described. In the mode 
1, only the K, C, M, and Y dots, which are larger, can 
be used in order to achieve fast printing. Thus, for 
example, to reproduce M input data so that it has the 
same hue as a corresponding color reproduced on the 
monitor, a small amount of C dots must be mixed in 
order to adjust the hue. However, since C output data 
correspond to larger dots, if a small amount of C dots 
are mixed into the uniform M dots, granularity occurs. 
Thus, in the mode 1, only the magenta ink is used for 
printing without ensuring that M input data has the 
same hue as a corresponding color reproduced on the 
monitor, in order to avoid granularity. That is, in 
the color converting process shown in Fig. 5, for M 
input data, a color converting process is executed 
using a three-dimensional LUT created so as to use 
only M output data for the M ink. 

Description will be given of a color converting 
process for M input data using the three-dimensional 
LUT in the mode 1. The three-dimensional LUT used in 
the mode 1 is based on the three-dimensional LUT 601, 
shown in Fig. 6, has only K, C, M, and Y output data, 
and is created so that only M output data corresponds 
to M input data. 
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Fig. 8 is a graph indicating a conversion from RGB 
input data (M input data) to 8 -bit output data for the 
colors K, C, M» and Y, the conversion is realized 
using the three-dimensional LUT used in the mode 1. In 
Fig. 8, a point W2 corresponds to the point Wl in Fig. 
6, which has RGB coordinates (255, 255, 255). A point 
Max2 corresponds to the point MaxI in Fig. 6. which 
has coordinates (255, 0, 255). In association with a 
change from the point W2 to the point Mmax2 in which 
change the coordinate for the G component decreases 
from 255 to 0, M output data is obtained in 
association with a change from the point W2 to the 
point Omax in which change the coordinate increases 
from 0 to 255. 

In Fig. 8, at the point W2, M input data 
representative of white is converted into 
corresponding M output data. In this case, the M 
output data is zero, so that nothing is printed. 
Further, at the point Mmax2, M input data 
corresponding the densest magenta is converted into M 
output data at the corresponding point Omax. In this 
case, the M output data is 255, so that the densest 
magenta is printed. As seen in Fig. 8, in the color 
converting process for M input data, from white to the 
densest magenta, only the M output data for the M ink 
is outputted, with no K, C, and Y output data 
outputted. 
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Description has been given taking magenta by way 
of example. The above description can be adapted for 
cyan by substituting the Cmax, C input data, C output 
data, and the R component for the Mmax, M input data, 
M output data, and G component, respectively. 
Alternatively, the above description can be adapted 
for yellow by substituting the Ymax, Y input data, Y 
output data, and the B component for the Mmax, M input 
data, M output data, and G component, respectively. 

Now, the mode 2 will be described. K, C, M, Y, so, 
sm, and sy dots are used in the mode 2: both large and 
small dots are used in this mode, in this mode, for 
example, to convert M input data so that its printed 
color has the same hue as a corresponding color 
reproduced on the monitor, sc dots, which are smaller, 
are used to adjust the hue. Small dots have lower 
granularity than large dots. Accordingly, image 
quality is not degraded even if a small amount of sc 
dots are mixed into uniform M dots. It is thus 
possible to make the hue of a printed color based on 
the M input data closer to that of a corresponding 
monitor displayed color. Specifically, in the color 
converting process shown in Fig. 5, for example, for M 
Input data, a three-dimensional LUT is used which 
causes the output of not only significant data (M 
output data) for the M ink but also significant data 
(sc output data) for the sc ink. 
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Description will be given of a color converting 
process for M input data using the three-dimensional 
LUT in the mode 2. The three-dimensional LUT used in 
the mode 2 is based on the three-dimensional LUT 601 , 
5 shown in Fig. 6, has K, C, M, Y, sc, sm, and sy output 
data, and is created so that not only M output data 
but also sc output data correspond to M input data. 

Fig. 9 is a graph indicating a conversion from RGB 
input data (M input data) to 8 -bit output data for the 

10 colors K, C, M, Y, sc, sm, and sy, the conversion is 
realized using the three-dimensional LUT used in the 
mode 2. In Fig. 9, the point W2 corresponds to the 
point Wl in Fig. 6, which has RGB coordinates (255, 
255, 255). The point Max2 corresponds to the point 

15 Maxl in Fig. 6, which has coordinates (255, 0, 255). 

In association with a change from the point W2 to 
the point Q in which change the coordinate for the G 
component decreases from 255 to n (n is arbitrarily 
set), sm output data (shown by an alternate long and 

20 short dash line) and sc output data (shown by an 

alternate long and two short dashes line) for a small 
amount of sc ink are obtained, the sm output data 
corresponding to a change from the point W2 to the 
point 0max2 in which change the coordinate increases 

25 from 0 to 255. M input data corresponding to a denser 
magenta is converted in association with a change from 
a point Q to the point Mmax2 in which change the 
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coordinate for the G component decreases from n to 0 . 
Thus, M output data, sm output data, and sc output 
data for a small amount of sc ink are obtained, the M 
output data corresponding to a change from the point Q 
5 to the point Omax in which change the coordinate 
increases from 0 to 255, the sm output data 
corresponding to a change from the point 0max2 to the 
point Mmax2 in which change the coordinate decreases 
from 255 to 0. 

10 In Fig. 9, at the point W2, M input data 

representative of white is converted into 
corresponding M output data. In this case, the M 
output data is zero, so that nothing is printed. 
Further, at the point Mmax2, M input data 

15 corresponding the densest magenta is converted into M 
output data at the corresponding point Omax. In this 
case, the M output data is 255, so that the densest 
magenta is printed. As seen in Fig. 9, in the color 
converting process for M input data, from white to the 

20 densest magenta, the M output data for the M ink, the 
sm output data for the sm ink, and the sc output data 
for a small amount of sc ink are output ted, with no K, 
C, Y, or sy output data output ted. 

Description has been given taking magenta by way 

25 of example. The above description can be adapted for 
cyan by substituting the Cmax, C input data, C output 
data, and the R component for the Mmax, M input data. 
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M output data, and G component, respectively, and 
substituting sc output data and sy output data for the 
sm output data and sc output data, respectively. 
Alternatively, the above description can be adapted 
5 for yellow by substituting the Ymax, Y input data, Y 
output data, the B component, and sy output data for 
the Mmax, M input data, M output data, G component, 
and sm output data, respectively. 

Now, the mode 3 will be described. The mode 3 

10 uses only K dots and small dots (sc, sm, and sy) and 
requires the highest image quality in the present 
embodiment. In this case, for example, by executing a 
color converting process using a three-dimensional LUT 
such that sm output data and sc output data are 

15 provided for M input data, conversion can be carried 
out in which sm dots and sc dots are mixed so that a 
printed color matches a corresponding monitor 
displayed color. 

Description will be given of a color converting 

20 process for M input data using the three-dimensional 
LUT in the mode 3. The three-dimensional LUT used in 
the mode 3 is based on the three-dimensional LUT 601, 
shown in Fig. 6, has only K, sc, sm, and sy output 
data, and is created so that not only sm output data 

25 but also sc output data correspond to M input data. 

Fig. 10 is a graph indicating a conversion from 
RGB input data (M input data) to 8 -bit output data for 
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the colors K, sc, sm, and sy, the conversion is 
realized using the three-dimensional LUT used in the 
mode 3. In Fig. 10, the point W2 corresponds to the 
point Wl in Fig. 6, which has RGB coordinates (255, 
255, 255). The point Mmax2 corresponds to the point 
Mmaxl in Fig. 6, which has coordinates (255, 0, 255). 

In association with a change from the point W2 to 
the point Mmax2 in which change the coordinate for the 
G component decreases from 255 to 0, sm output data 
(shown by an alternate long and short dash line) and 
sc output data (shown by an alternate long and two 
short dashes line) for a small amount of sc ink are 
obtained, the sm output data corresponding to a change 
from the point W2 to the point Omax in which change 
15 the coordinate increases from 0 to 255. 

In Fig. 10, at the point W2, M input data 
representative of white is converted into 
corresponding M output data. In this case, the M 
output data is zero, so that nothing is printed. 
20 Further, at the point Mmax2, M input data 

corresponding the densest magenta is converted into M 
output data at the corresponding point Omax. In this 
case, the M output data is 255, so that the densest 
magenta is printed. As seen in Fig. io, in the color 
converting process for M input data, from white to the 
densest magenta, the sm output data for the sm ink and 
the sc output data for a small amount of sc ink are 



25 
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output ted, with no K or sy output data outputted. 

Description has been given taking magenta by way 
of example. The above description can be adapted for 
cyan by substituting the Cmax, C input data, C output 
data, and the R component for the Mmax, M input data, 
M output data, and G component, respectively, and 
substituting sc output data and sy output data for the 
sm output data and sc output data, respectively. 
Alternatively, the above description can be adapted 
for yellow by substituting the Ymax, Y input data, Y 
output data, the B component, and sy output data for 
the Mmax, M input data, M output data, G component, 
and sm output data, respectively. 

In the above description, the target to which a 
hue is to be changed is the corresponding hue on the 
monitor. However, in this case, the matching between 
prints and the monitor is focused on. The present 
invention is not limited to this aspect. The hue may 
be changed to one more preferable for prints. 

Further, in the present embodiment, the C, M, and 
Y inks are used as essential inks and the hues of the 
colors C, M, and Y have been described. However, the 
present embodiment is also effective if a special 
color ink of red, green, or the like is used in 
addition to the C, M, and Y inks in order to provide a 
higher image quality. For example, if a red ink has a 
hue closer to yellow than to a desired one, then with 



- 34 - 



an ink system that can use small magenta dots, the 
desired red color can be reproduced without enhancing 
granularity by mixing small magenta dots into red dots 
However, with an ink system that cannot use small 
magenta dots, only the original red ink is used for 
the hue of a printed color specified as red in an 
input signal. 

In step S8, print data is generated from image 
data subjected to the process in the above steps S5, 
S6, and S7 and is then transmitted to the printer. 

As described above, with a large -and- small -dot ink 
system, if a mode uses small dots, the hues of the 
essential primary colors C, M, and Y can be made 
closer to those intended by a designer, e.g. the hues 
displayed on the monitor, while avoiding granularity 
that may degrade image quality. On the other hand, in 
a mode that does not use small dots, the hues of the 
essential primary colors C, M, and Y are reproduced 
using only the corresponding ink colors in order to 
avoid granularity. Thus, regardless of the print mode, 
high-quality print results are obtained while avoiding 
granularity that may degrade image quality. In this 
case, reproducing the hues of the essential primary 
colors C, M, and Y using only the corresponding ink 
colors means that, in a color converting process, 
printed colors from C, M, and Y input data are not 
matched to monitor displayed colors from the C, M, and 
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Y input data. Specifically, for example , if image data 
composed of 8 bits for each of the colors R, G, and B 
is inputted, then for a color (Y input data) having 
the largest R and G values and the smallest B value, 

5 only the Y ink is used which does not match the hue of 
the Y input data. On the other hand, if printed colors 
are matched to corresponding monitor displayed colors, 
then for example, for a color (Y input data) having 
the largest R and G values and the smallest B value, 

10 the Y ink and a small amount of C ink are used in 
order to match with the hue of the Y input data. 
(Embodiment 2) 

Basically, the description given with reference to 
Figs. 2 to 10, described above, is also applied to 

15 Embodiment 2. In Embodiment 1, the two modes are used. 
In one of the modes, dots of two ink colors are mixed 
to obtain a printed color in an input signal for the 
essential primary colors C, M, and Y. In the other 
mode, dots of two ink colors are not mixed for this 

20 purpose. However, some colors may appear markedly 

granular depending on their tints. For example, C dots 
appear differently whether they are mixed into M dots 
or Y dots, owing to the difference between the 
difference in brightness between the C ink and M ink 

25 and the difference in brightness between the C ink and 

Y ink. Also with a system using large and small dots, 
if small dots are not sufficiently small, the 
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granularity may not be marked even when sc dots are 
mixed into M dots, but may be marked when sc dots are 
mixed into Y dots. For example, in this case, in 
Embodiment 2, Y input data is not mixed with sc dots 
5 having a predetermined difference in brightness from 
this data but is reproduced using the color of the Y 
ink. Then, sc dots are mixed only into M input data to 
adjust the hue. Thus, the colors are optimally mixed 
by adjusting granularity and tints. 
10 It will be obvious to those skilled in the art 

that the process according to Embodiment 2 may be 
accomplished by adapting steps S3 to S6 and S4 to S7 
in Fig. 7 for the above description. 
( Embodiment 3 ) 

15 Basically, the description given with reference to 

Figs. 2 and 4, described above, is also applied to 
Embodiment 3. In Embodiments 1 and 2, description has 
been given of the example of the large -and -small -dot 
ink system using two types of dots having the same 

20 color but different sizes . In Embodiment 3 , 

description will be given of a dark -and -light -color- 
dot ink system using two types of inks having the same 
shade but different densities. 

In the present embodiment, the following six inks 

25 are used: black (K) f dark cyan (C), dark magenta (M) , 
dark yellow (Y), light cyan (LC), and light magenta 
(LM). It will be easy for those skilled in the art to 
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provide an ink jet print head for this case by 
adapting the print head described with reference to 
Fig. 2 for the present embodiment so that an LC and LM 
ink tanks are added in Fig. 2 and that an LC and LM 
ink ejecting heads are substituted for the heads Use, 
llsm, and llsy in Fig. 3. 

Fig. 11 shows a printing process flow according to 
the present embodiment. The process procedure in Fig. 
11 shows the contents of a process executed by a 
program executed by the CPU 102. The CPU 102 reads 
this program, stored in the memory 103, to execute it. 
First, in step S10, the CPU 102 selects a print mode 
in response to the user's instruction. In the present 
embodiment, the following two modes are used: a mode 
(mode 4) that enables fast printing but provides a 
lower image quality and a mode (mode 5) that provides 
beautiful prints but operates at a lower speed. The 
user can select one of the print modes in accordance 
with the purpose of the print or the desired level of 
image quality. 

The mode 4 is set so that a printing operation is 
achieved using only K and dark C, M, and Y dots. The 
use of only four colors for printing reduces the 
amount of data required and the number of printing 
passes, while increasing a printing speed. However, it 
is desirable to avoid granularity in areas with low 
densities. The mode 5 uses all the inks including the 
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light color inks to reduce granularity, while 
providing high-quality print results. 

In the mode selected in step S10, determined in 
steps Sll and S12, and set in the memory 103, in color 
processing steps S13 and S14, color processing and 
quantization are carried out using the process shown 
by the flow in Fig. 5. It will be appreciated by those 
skilled in the art that this process corresponds to 
the process flow in Fig. 5, in which sc, sm, and sy 
are replaced with LC and LM. Color converting process 
parameters are specific to each mode. 

First, the mode 4 will be described. Only the 
dark color dots K, C, M, and Y can be used in the mode 
4. Thus, for example, to reproduce a printed color 
from M input data so that its hue is the same as that 
of a corresponding color reproduced on the monitor, 
there is no other way but to mix a small amount of C 
dots into M dots in order to adjust the hue. However, 
since the C dots have a dark color, granularity may 
occur when a small amount of C dots are mixed into 
uniform M dots. Thus, in the mode 4, to avoid the 
granularity, a printing operation is achieved using 
only the ink color of M dots without making the hue of 
essential M input data closer to that of a 
corresponding color on the monitor. That is, in the 
color converting process shown in Fig. 5, a three- 
dimensional LUT is used which is created so as to deal 
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with only M output data for the M ink. 

The color converting process for M input data 
using the three-dimensional LUT in the mode 4 is the 
same as the above color converting process for M input 
5 data using the three-dimensional LUT in the mode 1. 

Then, the mode 5 will be described. K, C, M, Y, 
LC, and LM dots, i.e. both dark and light color dots 
can be used in the mode 5. In this mode, for example, 
to reproduce M input data so that its hue is the same 

10 as that of a corresponding color reproduced on the 
monitor, LC dots, which are light color dots, can be 
used to adjust the hue. Since light color dots provide 
lower granularity than dark color dots, image quality 
is not degraded even when a small amount of LC dots 

15 are mixed into uniform M dots. Thus, the hue of the M 
input data can be made closer to that of magenta on 
the monitor. Specifically, in the color converting 
process shown in Fig. 5, for M input data, a three- 
dimensional LUT is used which causes the output of not 

20 only significant data (M output data) for the M ink 
but also significant data (LC output data) for the LC 
ink. 

Description will be given of a color converting 
process for M input data using the three-dimensional 
25 LUT in the mode 3. The three-dimensional LUT used in 
the mode 5 is based on the three-dimensional LUT 601, 
shown in Fig. 6, has K, C, M, Y, LC, and LM output 
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data, and is created so that not only M output data 
but also LC output data correspond to M input data. 

Fig. 12 is a graph indicating a conversion from 
RGB input data (M input data) to 8-bit output data for 
the colors K, C, M, Y, LC, and LM ,the conversion is 
realized using the three-dimensional LUT used in the 
mode 5. In Fig. 12, the point W2 corresponds to the 
point Wl in Fig. 6, which has RGB coordinates (255, 
255, 255). The point Mmax2 corresponds to the point 
Mmaxl in Fig. 6, which has coordinates (255, 0, 255). 

In association with a change from the point W2 to 
the point Q in which change the coordinate for the G 
component decreases from 255 to n (n is arbitrarily 
set), LM output data (shown by an alternate long and 
short dash line) and LC output data (shown by an 
alternate long and two short dashes line) for a small 
amount of LC ink are obtained, the LM output data 
corresponding to a change from the point W2 to the 
point Omax2 in which change the coordinate increases 
from 0 to 255. M input data corresponding to a denser 
magenta is converted in association with a change from 
the point Q to the point Mmax2 in which change the 
coordinate for the G component decreases from n to 0. 
Thus, M output data, LM output data, and LC output 
data for a small amount of LC ink are obtained, the M 
output data corresponding to a change from the point Q 
to the point Omax in which change the coordinate 
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increases from 0 to 255, the LM output data 
corresponding to a change from the point 0max2 to the 
point Mmax2 in which change the coordinate decreases 
from 255 to 0. 

In Fig. 12, at the point W2, M input data 
representative of white is converted into 
corresponding M output data. In this case, the M 
output data is zero, so that nothing is printed. 
Further, at the point Mmax2, M input data 
corresponding the densest magenta is converted into M 
output data at the corresponding point Omax. in this 
case, the M output data is 255, so that the densest 
magenta is printed. As seen in Fig. 12, in the color 
converting process for M input data, from white to the 
densest magenta, the M output data for the M ink, the 
LM output data for the LM output data, and the LC 
output data for a small amount of LC ink are outputted, 
with no K, C, or Y output data outputted. 

Description has been given taking magenta by way 
of example. The above description can be adapted for 
cyan by substituting the Cmax for the Mmax, omitting 
the LC output data, and substituting C input data, C 
output data, the R component, and LC output data for 
the M input data, M output data, G component, and LM 
output data, respectively. Alternatively, the above 
description can be adapted for yellow by substituting 
the Ymax for the Mmax, omitting the LM output data. 
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making M output data change frpm the point W2 to the 
point Omax, and substituting Y input data, Y output 
data, and the B component for M input data, M output 
data, and G component, respectively. 
5 The above description takes magenta by way of 

example but is also applicable to cyan and yellow. 
Further, in the above description, the target to which 
a hue is to be changed is the corresponding hue on the 
monitor. However, in this case, the matching between 

10 prints and the monitor is focused on. The present 

invention is not limited to this aspect. The hue may 
be changed to one more preferable for prints. 

In step S15, print data is generated from image 
data subjected to the processing in steps S13 and S14 

15 and is transmitted to the printer. 

As described above, with a dark-and-light-color- 
dot ink system, in a mode that uses light color dots, 
the hues of the essential primary colors C, M, and Y 
can be made closer to those intended by a designer, 

20 e.g. the hues displayed on the monitor, while avoiding 
granularity that may degrade image quality. On the 
other hand, in a mode that does not use light color 
dots, the hues of the essential primary colors C, M, 
and Y are reproduced using only the corresponding ink 

25 colors in order to avoid granularity. Thus, regardless 
of the print mode, high-quality print results are 
obtained while avoiding granularity that may degrade 
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image quality. 
(Other Embodiments) 

It goes without saying that the present invention 
may be achieved by supplying a system or an apparatus 
5 with a storage medium in which the program code of 

software that realizes the functions of Embodiments 1 
to 3, described above, are recorded, and causing a 
computer (or CPU or MPU) of the system or apparatus to 
read out and execute the program code stored in the 

10 storage medium. 

In this case, the program code itself read out 
from the storage medium realizes the novel functions 
of the present invention, so that the storage medium 
storing the program code also constitutes the present 

15 invention. 

The storage medium for supplying the program code 
may be selected from, for example, a floppy® disk, 
hard disk, magneto-optical disk, optical disk, CD-ROM, 
CD-R, magnetic tape, non -volatile memory card, and ROM. 

20 The functions of the above described embodiments 

may be accomplished not only by executing a program 
code read out by a computer, but also by causing an 
operating system (OS) that operates on the computer to 
perform a part of the whole of the actual operations 

25 according to instructions of the program code. 

Furthermore, the program code read out from the 
storage medium may be written into a memory provided 
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in an expanded board inserted in the computer, or an 
expanded unit connected to the computer, and a CPU or 
the like provided in the expanded board or expanded 
unit may actually perform a part or all of the 
5 operations according to the instructions of the 

program code, so as to accomplish the functions of the 
above described embodiments. 

It should be appreciated that the present 
invention is applicable if the program from the 

10 recording medium in which the program code of the 

software realizing the embodiments is distributed to a 
requester via a communication line, for example, one 
connecting personal computers together. 

The present invention has been described in detail 

15 with respect to preferred embodiments, and it will now 
be apparent from the foregoing to those skilled in the 
art that changes and modifications may be made without 
departing from the invention in its broader aspects, 
and it is the intention, therefore, in the appended 

20 claims to cover all such changes and modifications as 
fall within the true spirit of the invention. 
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